Perceived self-efficacy (SE) for eating fruit and vegetables (FV) is a key variable mediating FV change in interventions. This study applies item response modeling (IRM) to a fruit, juice and vegetable self-efficacy questionnaire (FVSEQ) previously validated with classical test theory (CTT) procedures. The 24-item (five-point Likert scale) FVSEQ was administered to 1578 fourth graders from 26 Houston schools. The IRM partial credit model indicated the fivepoint response options were not fully utilized. The questionnaire exhibited acceptable (>0.70) reliability except at the extremes of the SE scale. Differential item functioning (DIF) analyses revealed no response bias due to gender. However, DIF was detected by ethnic groups in 10 items. IRM of this scale expanded what was known from CTT methods in three ways: (i) areas of the scale were identified that were not as reliable, (ii) limitations were found in the response format and (c) areas of the SE scale levels were not measured. The FVSEQ can be improved by including items at the extreme levels of difficulty. DIF analyses identified areas where IRM can be useful to improve the functioning of measures.
IRM partial credit model indicated the fivepoint response options were not fully utilized. The questionnaire exhibited acceptable (>0.70) reliability except at the extremes of the SE scale. Differential item functioning (DIF) analyses revealed no response bias due to gender. However, DIF was detected by ethnic groups in 10 items. IRM of this scale expanded what was known from CTT methods in three ways: (i) areas of the scale were identified that were not as reliable, (ii) limitations were found in the response format and (c) areas of the SE scale levels were not measured. The FVSEQ can be improved by including items at the extreme levels of difficulty. DIF analyses identified areas where IRM can be useful to improve the functioning of measures.
Background
Low intake of fruit and vegetables (FV) is a health risk behavior underlying the leading causes of mortality and morbidity in the United States [1] [2] [3] . FV intake practices typically develop during childhood, thereby increasing the need to encourage FV intake early in life. Perceived self-efficacy (SE) [4] for eating FV is a key variable mediating change from intervention programs and thereby is critical to effective strategies for interventions [5, 6] . Several studies [7] [8] [9] [10] [11] [12] [13] [14] have used original or modified versions of the FV SE scales developed by Domel et al. [15] and for the CATCH study [16] , while other studies [17] [18] [19] have used a modified version of the FV SE instrument for adults [20] or developed their own [5, 21, 22] . The scales vary in the number of subscales, the number of items and the response options with one study [23] using only a single item to measure FV SE. Nearly all of the studies have demonstrated adequate internal consistency reliability (a > 0.70). Test-retest reliability examined in a few of the studies has been at least modest (a > 0.60). Two studies [8, 12] showed significant increases in SE over time. Two studies [7, 13] reported conflicting results when comparing intervention and control groups. Several studies reported significant relationships between SE and FV intake/change in intake [10, 11, 14, 19, 24] , fruit intake only [25] , FV snack choice [17] and sugar [21] . Three studies [9, 21, 22] reported no significant association between SE and FV intake/intakerelated behaviors. In studies that compared modes of assessment (computer versus paper), one study [23] reported a significant difference while another study did not [18] .
Using classical test theory (CTT) techniques [26] , the FV self-efficacy questionnaire (FVSEQ) used in this study exhibited acceptable internal consistency reliability (Cronbach's a between 0.72 and 0.90) and test-retest reliability (0.70) [7, 11, 15] . Construct validity was determined through principal components analyses which yielded acceptable loadings (> 0.40) on two subscales [7, 11] . Although a couple of studies have reported gender [27] and ethnic [28] differences in psychosocial correlates of diet in children/adolescents, no one has analyzed the item functioning, response format or ethnic or gender differences in item functioning of such a scale among children.
Item response modeling (IRM) is a step beyond CTT and links a person's latent ability to the probability of selecting a specific response [29] [30] [31] [32] [33] [34] . IRM can determine the best response format of an item from data, the amount of information provided by an item, the fit of a latent model to a set of items with deviations representing measurement error, the reliability of a test across the continuum of the ability [35] and group-related differences in item functioning (DIF) [36] . Anticipating the increased need to more precisely measure fruit and vegetable self-efficacy (FVSE) in children, the aim of this study was to evaluate its psychometric properties and to investigate differences in the psychometric properties across gender and ethnic groups using IRM [29, 30, 36, 37] .
Methods

Sample
The sample included 1578 fourth-grade students from 26 elementary schools in the Houston Independent School District recruited to participate in the baseline assessment of the 'Squire's Quest' program evaluation [38] . The schools were randomly assigned to the treatment and control groups and all fourth graders were invited to participate. Informed assent from students and consent from parents to participate were received from 73.2% of the students in the treatment group and 67.6% of the students in the control group. The Squire's Quest program implemented in the treatment schools was a psychoeducational interactive multimedia game delivered in 10 sessions over a 5-week period. Each session lasted ;25 min. The program used social cognitive theory to attempt to increase (i) fruit, juice and vegetable (FJV) preferences, (ii) asking behaviors for FJV and (iii) skills in FJV preparation. The program also attempted to associate fun with consumption of FJV. The Institutional Review Boards of both the University of Texas MD Anderson Cancer Center and the Baylor College of Medicine approved the study protocol.
Instruments
The FVSEQ
The FV SE items [11, 15] were assessed with 24 items and included two subscales: shopping/asking SE and selection SE. The original FV SE subscales [15] employed 34 items with a three-point item format: 'not at all sure', 'a little sure' and 'very sure'. The original scale had high internal consistency (Cronbach's a = 0.88 and 0.92) and adequate 2-week test-retest reliability (r = 0.70). In the original study, content validity of the instrument in the original study was assessed through a series of steps: pilot testing, revisions and principal components with stable loadings across two split-half samples. Construct validity was assessed through correlations among the FVSE subscales, FV consumption, preferences and outcomes expectancies. One subscale ('breakfast and lunch FV and paying for FV') was significantly correlated (r = 0.18) with FV consumption and three of four subscales were significantly correlated with preferences (r = 0.18 -0.49) and health/physical activity outcomes expectancies (r = 0.13 -0.25). In the second study [11] , the scale was modified by reducing the number of items. Principal components analysis was used to assess the content validity of the reduced scale and two factors emerged. The modified scale demonstrated adequate internal consistency (Cronbach's a > 0.78). The two subscales were significantly correlated with FV intake (r = 0.12) and
psychosocial characteristics (r = 0.15 -0.43). The questions in the current study were graded on a five-point Likert type scale from 'disagree a lot' to 'agree a lot' and included the same stem 'I think I can ...'. Item 1, for example, was 'I think I can write my favorite fruit or vegetable on the family's shopping list'. The internal consistency of the scale, based on Cronbach's alpha, in this sample was 0.91.
Analyses
Classical test theory
Item and test characteristics were first evaluated using CTT analysis. Item parameters included the item mean (item difficulty) and discrimination [the corrected item-total correlation (CITC)]. The internal consistency reliability of the test was calculated using Cronbach's alpha. According to Nunnally and Bernstein [39] , poorly discriminating items were identified with items where the CITC was <0. 30 and adequate reliability was demonstrated with a reliability index of at least 0.70. The CTT item analyses were performed using SPSS v. 11.0 [40].
Item response modeling
IRM relates the probability of selecting a given response option to a particular item as a function of the individual's level of SE [29, 30, 41] . The item parameters include measures of item difficulty (how confident the student is in their ability to eat FV) [29] . The IRM item difficulty in the dichotomous model is analogous to the item mean derived from CTT procedures. IRM individual ability estimates represent the individual's level of SE over all items and are analogous to the individual's total score in CTT.
Unidimensionality is a primary assumption for most IRM models; other issues to consider are local independence of items and adequate sample size. When unidimensionality is met, local independence may be inferred [29] . The issue of sample size for IRM (in general) and differential item functioning (DIF) analyses (specifically) is complex and depends on a number of factors (e.g. number of items, number of responses per item, the IRM model, the goal of the study, etc.). Although some researchers have suggested samples sizes of at least 500 [42] for IRM, other research has shown that smaller sample sizes may be adequate [43] [44] [45] .
The assumption of unidimensionality was first tested using Principal Axis Factoring performed in SPSS [40] and assessment of percentage of variance explained. For IRM, the presence of a major factor does not necessarily preclude the presence of a minor factor. After unidimensionality was satisfied, an IRM model from the Rasch family of models was selected which best explained the data. The Rasch models assume the item slope to be fixed at 1.0 [30, 31, 41] .
Two models for ordinal data were considered: the rating scale model (RSM) [46] and the partial credit model (PCM) [47] . The item difficulty issue is more complex because of the ordinal nature of the data. In addition to the overall difficulty of the item, there is difficulty associated with each subsequent response option. For example, there is difficulty associated with making the subsequent 'steps' among the response categories such as going from 'disagree a lot' to 'disagree a little' or from 'not sure' to 'agree a little'. For the RSM, the level of difficulty associated with each of the steps is the same (the category steps) across all items. This 'step' is represented as a main effect in the model. However, the PCM allows the steps to vary among the items and is represented as the item by steps interaction (item steps). The likelihood ratio test (LRT) and infit mean-square statistics (MSQ) were used to determine the best fitting model. [30] . The Wright map of person-item estimates displays the item difficulty and the extent to which the item difficulty reflected the full range of SE ability. Reliability was assessed, conditioned on SE ability. Visual examination of the item response functions (IRFs) assessed the functioning of the five-point Likert scale response format.
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Results from the Rasch model yielded estimates for the difficulty of each item and each individual's level of SE. For the dichotomous items (0,1), the item difficulty represents the point along the SE continuum where the probability of selecting '1' is 0.5 [30, 31, 41] . For items with more than two response options, a representation of the level of difficulty can be assessed with Thurstone thresholds [30] for each of the item/category steps. The number of thresholds per item is one less than the number of options. For example, items with three response options ('none', 'a little', 'a lot') would have two Thurstone threshold estimates for the two possible steps: (i) the step from 'none' to 'a little' and (ii) the step from 'a little' to 'a lot'. Threshold 1 represents the point along the SE continuum at which the cumulative effect of the 'a little' and 'a lot' options are more likely than 'none'. Threshold 2 represents the point at which the option 'a lot' is more likely than 'none' or ' a little'. For a more complete discussion of the Thurstone thresholds, refer to Wilson, Allen and Li's [30] paper in this issue.
The estimates of difficulty in relation to person estimates are shown in the Wright item-person map. The Wright map is a figure that uses the same scale (generally in logits) to show the direct link between the distribution of participants' SE estimates (the ability) and the distribution of the items' difficulty estimates. Person estimates were obtained from the plausible values (PVs) computed during the estimation process. PVs were used, as opposed to expected a posterior estimates or maximum likelihood estimates because the PVs provided unbiased estimates of the latent abilities [48, 49] . A more indepth discussion of the Rasch family of models may be found elsewhere in this volume [30, 31] .
DIF analyses were used to identify potentially gender or ethnic group biased items [36, 43, 44, [50] [51] [52] . DIF is not represented as overall group differences but, rather, DIF concerns the expectation that participants who are in different groups but have equal levels of SE would have the same probability of selecting a particular response. Differential 'impact' (overall group differences) would be indicated by different response frequencies between groups, whereas DIF focuses on whether the participants with the same level of SE respond similarly to the item. In order to distinguish between impact and DIF, the model needs to control for differences between groups [37] . Although there are several methods for assessing DIF, in this study DIF was assessed by adding the group main effect and the group by item interaction term to the model. A significant chi-square for the group by item difficulty interaction term signified the existence of DIF; a significant group main effect signified the existence of impact. Items exhibiting significant DIF were then determined by examining the ratio of the item by group parameter estimate and its corresponding standard error; ratios >+1.96 were significant. The magnitude of DIF was determined by examining the differences in the group by item interaction parameter estimates. Because the parameters were constrained to be zero, when only two groups were considered, such as gender, this value was twice the estimate of the first group. For example, suppose hypothetically the group by item estimate for Item 1 for males was -0.44. Because the parameters were constrained to be zero, the estimate for females would then be +0.44. The difference in item difficulty (DIF) between males and females would be -0.88 (-0.44 minus 0.44). For more than two groups, DIF would be the difference in estimates between the corresponding groups. The effect of DIF was considered small (difference < 0.426), moderate (0.426 < difference < 0.638) or large (difference > 0.638) [37, 53] .
If significant and meaningful DIF is found, it may indicate that the interpretation of the scale may differ by group and that the scale may be gender or cross-culturally biased. Although DIF analyses identify items that statistically function differently, heuristic examination of the items is needed to ascertain item bias [54] . Items exhibiting DIF were closely scrutinized to determine any inferences concerning the underlying construct and the implications of the sample in which it has been detected [41] . Teresi [44] suggested the use of qualitative analysis (e.g. panel of experts) before an instrument is developed, or if possible, after DIF has been identified in existing measures; thus expert review of the items exhibiting DIF was implemented.
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The experts provided detailed knowledge about the construct. Experts determined what could be understood from items exhibiting DIF. A more complete discussion of DIF may be found in elsewhere in this edition [55] and other sources [36, 37, 43, 44, 50, 51] . All IRM analyses were performed using ConQuest [49] .
Results
One hundred and one students (out of 1578) did not complete any of the FVSEQ items and were excluded from analyses. Gender was almost evenly distributed with 47.2% boys and 52.8% girls. Ethnicity was assessed via school roster and included 17.4% White, 45.6% Black, 30.1% Hispanic and 6.9% Other students. No demographic differences were observed between students with complete and incomplete data.
CTT item analysis (see Table I ) yielded difficulty estimates (item means) between 3.3 (SD = 1.6) and 4.5 (SD = 1.0) based on the scale of 1-5. These values were clearly above the midpoint (midpoint = 3, 'not sure'), indicating that on average the responses were not as difficult to agree with. The CITC were acceptable to high (0.34 to 0.60). Internal consistency was excellent (Cronbach's a = 0.90) [26, 39] .
The scree plot criterion with principle axis factoring confirmed the FVSEQ included one dominant factor. The percentage of variance explained was 29.7 and 9.8% for the first and second factor, respectively. Comparison of model fit of the RSM and PCM involved using the LRT and comparing the item fit indices [31] . LRT for the deviances between the two models was significant (LRT = 363.10, df = 69, P < 0.0001), indicating that the PCM estimates significantly improved the model fit. However, LRT is influenced by sample size; therefore, the nature of the misfit was also examined. Examination of the RSM item difficulty estimates yielded significant misfit of the category step estimates. Although all (100%) average item infit indices were within the acceptable range, all (100%) category step indices exhibited misfit. All (100%) infit indices for the average item estimates for the PCM (not shown) were within the range of acceptable fit and only 3.1% of the item step indices exhibited misfit. Therefore, the PCM was considered the superior model and was accepted as the final model for the data.
PCM item and person estimates are shown in the Wright map (Fig. 1) . The participant SE (ability) estimates and the item difficulty (threshold) estimates are on the same logit scale. The logit scale is indicated in the outermost left column. The next section contains the ability estimates that are linked to the column on the right containing the item difficulty estimates. In an ideal situation, the ability distribution would be normally distributed from -3 to +3 and item difficulty estimates would span the entire range of ability. As shown in the figure, the difficulty of the items did not target persons with high levels of FVSE ability. There were participants with high levels of SE (logits > 1.0); however, there are no items that had difficulty estimates in that area. The restricted range in coverage between both the SE ability distribution and the item thresholds indicated the FVSEQ scale's representation of the SE ability construct was skewed. The lowest item by step threshold (1) for 12 items (1-7, 9, 12, 22-24) and several second step thresholds (1-3, 9, 22) were not targeting persons in the lowest levels in SE. The majority of the first set of items (1-7) dealt with tasks such as 'asking', 'shopping' and 'writing' on a list. The last three items (22, 23, 24) were overall tasks for meeting the recommended number of daily FJV servings. The first step for the remaining items which actually covered the lowest SE ability range consisted of items specific to breakfast, lunch, dinner and snacks, and were mostly 'replacement' items such as eating fruit instead of cookies or candy. The conditional reliability, displayed in Fig. 2 , showed acceptable reliability for the FVSEQ except at the extreme ends of SE ability scale.
The PCM IRFs for Item 1 are shown in Fig. 3 . This pattern was similar in the remaining items in that the response functions for 'disagree a little' and 'agree a little' never had the highest probability of being selected. For some items, the response option 'not sure' had the highest probability of being Item response modeling i51 Table I . Item description, item difficulty, item difficulty by ethnicity and difficulty differences between ethnic groups Item response modeling i53 selected only among a severely restricted range of SE ability. For the majority of items, the 'not sure' option never had the highest probability of being selected in most items. As shown by the SE curves, the five-point item response format was not fully utilized.
DIF analyses across gender groups did not yield significant DIF (gender by item interaction v 2 = 18.121, df = 23, P = 0.751) for overall differences for gender. The overall difference between males and females was 0.01 logits. However, DIF across ethnic groups yielded a significant (v 2 = 122.581, df = 46, P < 0.001) group by item interaction (DIF) as well as a significant (v 2 = 11.690, df = 2, P = 0.003) overall group main effect (impact). The average item difficulty estimates, item difficulty estimates by ethnic group and differences in item difficulty between ethnic groups are displayed in Table I . Overall, the mean SE ability for Whites (0.126) was significantly higher than the mean SE ability for Blacks (0.062) and Hispanics (0.065). Significant DIF existed among 10 items. The magnitude of DIF, however, was small for nine items (Items 4, 6, 7, 11, 12, 14, 18, 19, 22) and moderate for one item (Item 2).
Discussion
The aim of this study was to evaluate the psychometric properties of the FVSEQ items and their stability across gender and ethnic groups using IRM [29] . CTT results showed that the FVSEQ scale had high internal consistency, the item difficulties were moderately easy to difficult and the items were discriminating. IRM complemented the results from CTT by showing (i) the scale yielded adequate reliability except for participants with very low or high levels of SE, (ii) the scale did not appear to adequately assess participants with high levels of SE and (iii) the five-point response format was not fully utilized. Additional information provided by IRM showed no gender DIF, but several items exhibited DIF across ethnic groups. Whites found it significantly easier than Blacks and Hispanics to perform 'asking' tasks, while Blacks and Hispanics found it significantly easier than Whites to perform intake behaviors such as eating a vegetable that is served. Examination by experts suggested this difference was more likely due to real ethnic differences in factors such as family structure, cultural differences in the activity or family dynamics. For example, Cullen et al. [28] showed that Hispanics were in families with a permissive style of parenting and Whites were in families with greater meal planning practices. This DIF likely provided additional insight into tailoring interventions to ethnic groups to incorporate cultural differences in family dynamics. More work is necessary to clarify ethnic differences.
Results from IRM provided more in-depth information about the scale and identified areas in which the FVSEQ could be improved. For example, to target participants with high levels of SE, an item of average difficulty such as 'I can eat a vegetable that is served for school lunch' might be modified for greater difficulty as 'I can eat any vegetable that is served for school lunch every day'. Newer possibilities need to be explored, e.g. 'I can make myself learn to like any vegetable' or 'I can problem solve to overcome any barrier to eating more vegetables'. Also, the current five-point scale should be replaced with fewer response options, or the response options should be changed so that responses will be more uniform.
The strengths of this study include (i) ample sample size necessary to perform IRM, and more specifically, DIF analyses and (ii) the use of an existing and previously validated instrument to measure FVSE. The limitations of this study include the disregard of possible clustering within schools and the determination of ethnicity via school roster instead of self-report. Additional limitations include the use of 'not sure' as a neutral category, i.e. some error in estimating the true level of SE may be associated with the assumption that those who are 'not sure' reflect more positivity than 'disagree'.
In summary, IRM provided (i) difficulty estimates that were not dependent on this sample, (ii) the ability estimates of FV SE were not specific to the items on the instrument and (iii) measurement error was a function of ability. The major practical value of applying IRM was that although the test was adequately reliable, it was not measuring the full range of the construct. The scale was not able to provide discrimination among participants with higher levels of SE, thus indicating a need to revise the instrument. Although some items exhibited minor DIF, this can probably be ignored. Closer examination of these items in future studies should be performed to ensure that the items are not biased. A questionnaire revised to assess the full range of SE difficulty estimates should correlate better with FV intake. This work remains to be done.
